AT a time like the present, when the Empire we have inherited stands facing a crisis of its fate, when indeed the whole structure of civilization as we know it has seemed to sway, when that which generations of earnest thinkers have dreamt of as the progress of the race recoils before the forces it has itself unchained, it is difficult to restrain a feeling of incongruity in discussing any subject that has no obvious bearing on the greater problems of the hour. But I am convinced that we are following the right course in carrying on, with such help as remains available, the work of this Association, whose object is the advancement of Science, Literature and Art. In the short, swift cataracts of war, no less than in the gentler, steadier flow of peace, these matters of the mind have still their power.
In selecting a subject upon which to address you it has seemed to me best not to attempt to travel beyond the limits of that branch of Science with which my own studies have been chiefly concerned, and the science of Marine Biology is one which has special claims on a Devonshire Society. The work of OolonelMontagu at the beginning of the nineteenth century, which gave us the first descriptions of so many of our British marine animals, and by the acuteness and accuracy of its observations laid the foundation of future knowledge of their habits and life-histories, was practically all carried out in the Salcombe and Kingsbridge estuaries. Dr. Leach, the pioneer in the study of British Orustacea, was born at Hoe Gate House, within a few yards of Plymouth Hoe, and some of his collections still find a home in the museum of the Plymouth Athemeum. Philip Gosse studied the shore life of our Devonshire coast at Torquay and at Ilfracomlie, and his book on those British Anemones, which he 400 E.J. ALLEN. found in such profusion at both these spots, remains a classic. It was at Plymouth that Spence Bate first followed the remarkable transformations that occur in the development of the commOlJ-crab of our shores, and it was here that he procured a large part of the material upon which was based the monograph on British Sessile-eyed Crustacea, which he wrote in collaboration with Westwood.
It was due to the wealth of marine life 'discovered by these and many other local naturalists, that when in 1884 an Association, chiefly under the influence of the biologists connected with the Universities of Oxford, Cambridge and London, was founded for the study of marine life and particularly for the study of marine fishes, the site of the first Laboratory was fixed at Plymouth. The researches which have been carried out at that Laboratory have fully confirmed the view that we possess off the Devon coast a fauna as extensive and as remarkable for the variety of its forms as is to be found anywhere in'northern Europe.
The sea fisheries of Devonshire occupy also a unique position in the history of British Fisheries, for it was the trawl fishermen of Brixham who, gradually pressing eastwards, extended their industry to Dover, Ramsgate and Yarmouth, until finally at Grimsby and Hull they laid the foundations of that immense trade, which with the coming of the steam trawler has taken toll of the most distant waters, from Iceland and the White Sea in the north to the coasti of Morocco in the south.
You will, I think, agree that it is fitting that I should here, in passing, pay a tribute to the sturdy character and indomitable courage of the men of our steam fishing fleets. The Brixham traditions have survived. Those of us who had known the men and had sailed with them in times of peace knew already something of their worth, but the cool daring and patient bravery of their work since the war began has surpassed all expectations. It is not too much to say that to them, as much as to any men, we owe the protection of our commerce from the ruthless warfare of mine and submarine.
It is now many years since the first attempts were made to apply scientific methods to the study of problems connected with sea-fisheries, and the subject has developed into what is almost a distinct department of marine biology. Were I to attempt to deal even with all the many br\1nches of modern fishery research, it would be impossible within the limits of a single address to give more than a very superficial account of each of them. It will, I think, be more useful and offer a better prospect of securing your interest in the subject, if I confine myself to one limited question which has received in recent years a considerable amount of attention from fishery naturalists. The subject about which I propose to ,speak is that of the age of fishes and the rate at which they grow. It requires no elaborate argument to prove that the study of this matter is of the first importance if we are to give a rational account of the possible productive,ness of a fishery, of the rate at which the fishery can be replenished, p,nd of the intensity of.fishing which may be prosecuted without endangering its future prospects as a means of profit to the.fishermen and a sourqe of food supply for the people.
;
To begin at the beginning, I need hardly remind you of the now wellknown fact that the eggs of the majority of our marketable marine fishes are small, transparent, sphe~ical bodies, which are buoyant and float freely in the sea. Th~fact that the eggs of a fish are of this character, which we describe as pelagic, was first discovered by G. O. Bars ill Norway, in 1864, whose observations were made on the Cod. It was discovered in,dependently in Cornwall in 1871, in the case of the Pilchard, by that enthusiastic ,fisherman-naturalist and acute observer, whose name will by well known to you, the late Matthii1s Dunn, of Mevagissey. The onlyimportant British sea-fish which is an exceptio.n to this rule of having pelagic eggs, apart from the skates and dogfishes, whose rate of growth I propose to leave out of consideration altogether, is the Herring, the spawn ofwhich is deposited on the sea floor and attached to shells, stones and gravel.
The time occupied in the development of the eggs of different fishe~, from the t{me they are spawned to the time of hatching, was shown by Dannevig (5) to be dependent upon the temperature of the water in which they float, the increase in the rate of development being in direct proportion to any increase of temperature., " The followil1gtable compiled by Dannevig shows the average number of days occupied in the d~velopment of the eggs of. observations for each kind of fish lie very neady in a straight line, which means that the increase in rate of development, over the range of temperature examined, is directly proportional to the increase in temperature. It follows, therefore, that the actual time, under natural conditions in the sea, which an egg takes to develop, from the time it is spawned until it is hatched, is by no means constant. There are, I believe, no actual observations on the point and dircltt evidence as to the time occupied would not be easy to get. If we suppose that temperature is the only factor that need be considered,. it is possible .to deduce from the data given by the laboratory experiments the ti~taken in particular -instances. Thus, in the waters off Plymouth, Plaice spawn from December. to March. Taking the temperature at 9°C., which is the mean for February, the coldest of the four mont:b.s,the Plaice egg would, according to Dannevig's figures,1 take thirteen days to hatch. 'In the southern part of the North Sea, on the other hand, which is a great spawning-ground for Plaice, the mean temperature for February is 7°C., at which temperature the eggs would take about sixteen days to hatch.
When they first emerge from the egg, the young fishes are small, transparent larvre, whose form is very different from that of the adult fish, and the next points to consider are the time occupied by the period of transition from the larval to the adult form and the increase in size which accompanies this change of form.
In treating of this period of the life-history we will consider separately the ordinary round fishe.ssuch as Cod; Whiting, Mackerel and Herring, and flat-fishes like the Plaice, the Sole and the Turbot. In the case of the r~uIi.dfishes it is a little difficult to draw a sharp line of demarcation bet~e~n the end of the larval and the commencement of the adult life, since both as regards structure of body and habits of life the one passes very gradually into the other.
The time occupied by the larval period may be illustrated by one or two examples. The principal spawning time of the Cod in the North Sea begins in January and is at its height in February and March. The larvre 'when first hatched have a length of about 4 mm., the length after absorption of the yolk being 4,5 mm. At a length of 25 mm. the adult form has practically been reached. Little cod of this'size begin to appear, often hiding under the bell of a jelly-fish, from the middle of May onwards, that is to say about four months after the beginning of the spawning in January. We may say therefore with some confidence that these small cod of 25 mm. or 1 inch in length are from three to four months old.
Some observations on larval mackerel taken off Plymouth in the summer of 1914.will illustrate the method, a somewhat laborious oile, it is true, by means of which the rate of growth of these young stages may be investigated. During May, June and July a large net of fine meshthe Petersen young-fish trawl-was used at frequent intervals, chiefly between Whitsand Bay and the Eddystone,for the purpose of collecting young stages of fish. Young Mackerel first appeared on the 25th of :Nlay and they continued to be ca;ught fairly regularly until the end of June, whilst in July only three specimens of these early stages were found during the whole month, All the specimens captured were preserved and subsequently measured. The numbers taken at any 'one time were small, thirty-two being the largest number in a single haul of the net, but if we combine the figures obtained from the different hauls into two groups, certain interesting features appear. The following diagram represents the figures in a graphic form, the measurements being in millimetres1 and each fish being represented by a dot :- In the first group of hauls, which we may call the end of May group, the size of greatest frequency is 6.5 mm. and the numbers form a fairly regular curve about this mode, the average 'size of all the measurements being 7' .15 mm. In the second group of hauls, the middle of June group, the numbers range themselves round two centres of frequency or modes, one at 6.5 mm., the other at 9.5 mm. Although the numbers are not perhaps sufficiently large to be conclusive, they at least suggest that these 9.5 mm. fish belong to the same batch of larvffi as the 6.5 mm., fish of the end of May group, whilst the smaller fish represent a new batch of young, derived presumably from another shoal of spawning Mackerel. If this be so,,we should, I think, be not far wrong in concluding that a growth of 3 mm. took place in the, three weeks: interval from the middle of the period May 25th to June 3rd and the middle of the period June 10th to June 29th.
I give this actual instance from our own observations merely as an illustration of the way in which the problem of the rate of growth of larvffi in the sea under natural conditions may be attacked. To arrive at perfectly certain and definite results a much larger number of specimens would be ,necessary, and confirmation in different years would be required.
The Cod and the Mackerel, whose larval growth we have just been considering, are typical instances of ordinary round fishes. We will now look for a moment at the flat-fishes in which a distinct and rapid change both in structure and habit of life takes place at the end of the larval period. The young fish abandons its pelagia existence, during which it swam freely through the mass of the water snapping here and there at the small flqating creatures upon which it feeds, and takes to lying on its side on the sand at the bottom, feeding on small worms, shellfish and crustaceans which the sand contains. This change of habit is accompanied by a twisting of the whole structure of the skull, in such a way that both eyes come to lie near together on one side of the fish,-on the coloured side which is uppermost as the fish rests upon the sand.
[A series of slides showing the metamorphosis of aflat-fish was shown.]
This change in structure and habit gives us a fixed point in the lifehistory of the fish, and for the purpose in hand we require to know for what length of time the free-swimming larval stage is continued, from the time that the larva leaves the egg until it settles down as a little flatfish adapted to life on the sand. Unfortunately the evidence available is not sufficiently detailed to enable us to fix this time with the degree of accuracy which we should desire, though an approximate estimate of its dma,tion can be made for certain species. For instance, the Plaice in. thc\ Gouthorn part of the Nor.th Sea coml,liencesto spawn in January; spawning is at its height in February and continues into March. The youngest bottom stages of the Plaice, immediately after the transforma" tion, are found in quite shallow water along the margins of sandy bays and are often taken by shrimpers, working with push nets on the shore. According to the researches of Dutch naturalists (Redeke, 20, p. 40) these small Plaice appear at the beginning of April on the Dutch coast and they become numerous in May. If, therefore, we allow two to three weeks for the eggs to hatch, we are left with about ten weeks for the larval stages. It must be admitted that this is a very indefinite statement, but it is, I think, as near as we can get on the evidence at present avail" able. The times will doubtless vary considerably in different localities and also in different years, owing to differencesoftemperature and of the food-supply available.
In the case of the Sole, which was reared by Fabre-Domergue and Bietrix (6) in the laboratory at Concarneau, the pelagic larval stage lasted about seven weeks, but this of course does not give us a reliable figure for the time taken under natural conditions in the sea.
The length at which the transformation is complete and the bottom life commences is in the case of the Plaice from 14-15 mm., for the Sale it is 10 -11 mm. The sizes at the time of hatching are 6-7.5 nUll. for Plaice, 3.2 mm. for the Sole.
We may say in general, then, that the adult characters in most fishes are established at the end of about three months from the time of spawning, and when the length is from a, quarter to half an inch.
In order to determine the rate of growth subsequent to this period various methods have been employed and for some }~earspast considerable attention has been given to the subject. It is possible, of course, t9 study the matter directly by keeping fishes in confinement and measuring them from time to time. But we can get little really valuable information in that way, as it is soon seen that the rate of growth depends very largely on the conditions in which the fish are placed, on the volume Dffr-eshseawater supplied to the tanks, on the temperature of the water, and on the amount and nature of the food which is supplied. This is an interesting study in itself, and from some points of view may prove to be of practicahmportance, but it really tells us little or nothing as to the rate at which the fishes grow under natural conditions in the sea, which is the point of main importance.
Dr. Petersen of Copenhagen was the first naturalist to place the study of the subject on a sound scientific basis (Petersen, 19) and the method he employed is still perhaps the most useful for dealing with the first one Dr two yeaI;s ,of.a~sh's life. It consi$ts. simp!y in mak~n~a large and representative collection of the fish to -be studied, .Jrom -3. particular locality and as nearly as possible at the same time, measuring the length of each individual fish and then plotting the measurements in the form of a graph or curve. , The following curve [of. Hjort and Petersen (11), Plate IV] in which 8046 Cod,l caught off the East Coast of Iceland in July, 1904, are graphically represented (Fig. 2) , illustrates the method. Each fish was measured and the numbers found at each centimetre are plotted. It will be seen at once that the fish group themselves around certain definite lengths. The smallest sized fish in the collection was 3 cm. long, and of this size there were 6 fish. At 4 em. there were 65, and at 5 cm. 189. The numbers then begin to fall, there being only 43 at 6 em., 8 at 7 em., and but one fish at 8 cm. Then they rise agaiQ until another maximum occurs at 12 cm., with 139 fish. At 17 em. the number has fallen to 12, after which another rise occurs until at 22 em. we have 107. In this way the fish fall naturally into the six groups 0-V. This division into size groups is due tQ the fact that the spawning season of the Cod in each year is a limited one, extending over only two or three months at the beginning of the year-January, February and perhaps March. By July the fish born at that time will have reached about 5 em. in length. The next maximum at 12 em. represents the fishes born the year previously, and the difference between, 12 em. and 5 Gill.,i.e. 7 em., expresses the growth in length during the year. Then at 22 cm. we have the fish which have completed two full years, these fish ii3.. July when the samples were taken being two and a l:uilfyears old.
Since,. all the fish were caught in 1904 we are able to say in what year each group was born, the V group, 'ith a maximum frequency at 88 em., being Cod born in 1899.
Now, aJthough this method is satisfactory for the early years, the distinction between the groups becomes 'much less marked as the fish grow older, until finally the different year-groups run into one another and become indistinguishable. Fortunately, however, other method& have been discovered which enable us to attack the problem of age and rate of growth with even greater precision.
In the year 1898 Hoffbauer (13) published a paper in which he showed that the age of-a fresh-water carp could be determined by an examination of the markings on the scale. In 1902 Stuart Thompson (22) published an account. of-some work carried out at the Plymouth Marine Laboratory in which he showed, for the first time,that a similar method was applicable to sea-fisheries, his researches having been made upon fishes of the Cod family~the Gadidre-especially on Whiting and Pollock. closely together. But the fish grows most rapidly during the :summer months, ,v'hen the water is warm and food is plentiful, wherea$ during the winter~growth becomes slower and slower, and even ceases altogether. It is duri~g this winter period of very slow growth that the concentric ridges on the scale become crowded together and give the appearance of a darker ring on the surface of the scale. On the scale figured there are two such winter rings arid the growth of the third summer is well advanced. That this explanation of the appearance presented by the scale is the corr.ect one has been proved by the examination of scales taken from fish:caught at different times of the year. A fish captured in summer, such as the one illustrated, has the ridges far apart at the margin of the scale, whilst in fishes captured as the season advances to\vards winter the ridges round the margin become crowded together.
In the case of the Cod family these markings on the scale are especially distinct and the examination of a few scales is generally sufficient to fix the.age (Winge, 25) . The number of winter rings formed by the crowding together of the ridges tell us at once the number of years of life which the fish has completed.' It must be remarked, however, that the appearance of these winter rings is not in the case of each individual fish as clear and definite as that shown by the scale illustrated, and in a large batch of fish a certain number will be doubtful and the exact age a little uncertain.
TIlE AGE OF FISHES AND THE RATE AT WHICH THEY GROW.
409
By examining large samples these exceptional instances cease t'~have any importance, as they are not sufficientiy numerous to alter the average values obtained'. ,
The Salmon is one of the fish the age of which is often \vel1shown on the scale, and a good deal of work has been done upon it (Mastern~an, 18). The Herring is another cas~_which I shall consider in~llore,' detail
In certain other fishes,as'for' example the Plaice, the scales, ftlthough they showindicatiolls of simil~r winter rings, are not marked sufficiently clearly to make them easily available for age determination. Fortunately, however, other structures of the fish have been found which show in a very defiilite way alternating rings expressing different rates of growth, which enable us to estimate age with great accuracy. These structures are (1) the otoliths or ear-stones, and (2) certain of the bones of the fish.
In the Plaice, the fish to which this method has been chiefly applied, the age of the younger fishes up to about six or seven years old is b~st seen on the otolith, that of older ones,on the bones. ' The otoliths or ear-stones (Fig. 4) are small, oval, calcareous bodies which lie in the cavity of the inner ear. They can be removed. easily for examination from the dead fish by making a single incision in'the head in an appropriate direction, and an inspection with a simple lEnisg7~erally suffices-to,make an age determination (cf. Reibisch, 21) .
:' ", , As will be seen from th.e figure, alternate white and dark ringS 1ii'e~seell, 'when the otolith is examined by reflected light. The white rings are .410 E. J.. ALLEN.
formedin spring and early summer, the dark rings in late summer and autun;m. During the winter practically no growth of the otolith takes place. The first white ring is formed in the spring following the year of birth, that is when the fish is just one year old, and the total number of white rings will therefore give us the number of years of life which the fish has completed.
As the Plaice gets older, however, the ,rings at the edges of the otoliths are so crowded together that it becomes iimpossible to count them. For these older fishes Reincke (9) has shown that an examination of the bones, after special treatment, gives the information required.
It is clear that if we can determine theL,ageof individual fishes, and if we do thjs on sufficiently large samples, we at once obtain some information as to their rate of growth, for if, say, the average size of the two-yearold Plaice in a particular locality is 2Q,cm. and the average size of the three-yea;r:<>ldsis.25 em. we shall not: ge far wrong in concluding that a Plaice of 20 em. will grow about 5 C~i during the next year of its life. This conclusion, hovvever, assumes that the conditions of growth are the same each year, and from information now available we know that this is not always true, but that some years are mDre favourable for growth than others. Growth in different localities, also, even though they may not be very distant from each other, may differ greatly. What we can obtain by the use of the methods already described, if the observations. are repeated for a number of years, is the averagerate of growth for each year of age.
There are, however, other methods by means of which we can get an idea of the actual rate of growth in a particular area at a particular time. The one which has been most used and has yielded the most reliable re~ults is the method of marking experiments. In. these experiments a healthy fish is measured soon after being caught and a small metal label is attached to it, generally at the base of the dorsal fin. The label ,is numbered and the fish is returned to the sea. When it is subseqliently caught again by the fishermen it can be identified by its number and measured a seco.nd time. The actual amount of growth will then be known. A great many experiments of this kind have been made on both Plaice and Cod, and large numbers of the fish have been caught and returned by the fishermen to the various laboratories. Even these experiments'!;however, which were carried out primarily to give informationas to the migrations of the fish, are subject to at least one possibility of error, owing to the fact that the future growth of a fish may be considerably retarded by any slight injury it may have sustained when it was first caught. This source of error has to some extent been overcome by keeping the fish in tanks of running sea-water for some time before 411 they are measured and marked, and only using such fish as appear to be quite uninjured and full of vigour.
We must now pass on to consider some of the conclusions which have resulted from the use of these methods of investigating age and growth rate. In the case of the Plaice, the researches of Dr. Wallace, which were carried out at the Lowestoft Laboratory of the Marine Biological Association, are amongst the most important. The method he employed was the study of the otoliths, his results being based on a total of 20,000 fish, each of which was measured and its age determined. In addition to this Wallace makes use of the records of the otoliths of anoth.er 20,000 measured Plaice collected by the Board of Agriculture and Fisheries (24) . These numbers will give some idea of the extent of the investigations which have been made.
The following The samples of fish from which these figures were derived \vel'e taken, as already stated, upon a line extending from the Dutch coast seawards to a distance of eighty or ninety miles. Wallace was the first tQ point out that if we are to obtain really accurate values for the average size of the Plaice helonging to any particular age-group in a given locality. we can only do so by collecting samples uniformly in this way at different 412 E.J, ALLEN.
distances from the shore. In-order to make it clear why this is so, it will be necessary to give a short account of the distribution of the Plaice .ttccording to size, and for this purpose \ve will consider its distribution in the North Sea. When we were dealing with the larval stages of the Plaice, you will recollect that we left the earliest bottom. stages inhabiting the margins of the sandy shores in quite shallow watet. During the first year of their life the 'young Plaice remain close to' the shore in depths under ten fathoms. As they grow larger they move further and further seawards .away from these nursery grounds, and in the North Sea it may be taken as a general rule that the average size of the Plaice becomes larger the further out into the open sea we get. This is well illustrated by the charts published by Garstang (8) showing the distribution of Plaice in the North Sea according to average size.
This seaward movement, it is important to note, depends upon'the size ()f the fish rather than upon their age, so that the larger individuals of any year class are found further out to sea than the smaller ones. If we now look ahthe next. Chart by Wallace (Fig. 5) , which illustrates the catch per hour of ,Plaice of the III Group, that is fish between three and four years 'old, on the line running out from the Dutch coast~from Texel to the Leman Bank~we shall see that this group is taken along the whole line. It is most abundant near the coast, where the average size of the fish is small, and the numbers captured gradually diminish as we move seawal'ds,thesize of the fish at the same tinle becoming larger. The chart 'also shows that between May (represented by the circle~) and 413 September (the squares) there has been a distinct shifting of tile group of fish seawards as they have grown larger.
It will be clear, therefore, that if the fish are distributed in this way according to size, we must take uniform samples all along t,he line in prder to obtain the true average of those belonging to any age-group. If, for instance, in the case of this III Group we took samples only near the coast we should miss all the la,rger fish belonging to the group, whereas if we took samples only at the seaward end of the line we should miss all the small ones, In the latter case our average would be far too high, in the former case it would be far too low. Wallace therefore is quite justified in m;iintaining that .samples of Plaice for age determination must be taken upon such radial Jines, if accurate average sizes for the differentyears of age are to be obtained. . One of the points which has come out D,lostclearly in the course of these stwliesis the great differences in rate of growth which are found, firstly at different seasons of the year, secondly in different years, and thirdlt in different localities.
As regards seasonal differences we may say that in the North Sea the year's growth begins in the spring, about the m.onth of April; it goes on vigQ.fP:llsly during the summer until September, slows down in Oct.obel', and from that time until the following April there 'is practically no growth at all, .at any rate in the shallow water near the coasts. In the central portions of the North Sea, for example on the Dogger Bank, a certain amount of growth does seem to take place in the wiliter. ' The evidence for differences in the rate of growth of Plaice in different years is chiefly based on the work of the Danish naturalist Johansen (14) , who has studied the question by means of marking experiments carried out off the North Sea coast of Denmark. Ihus the average annualgrowth for specimens of 20 to 29 cm. liberated in the Horn Reef area in 1903 was only about 4 em., whilst in 1904, 1905, 1906 and 1907 it was from 6 to 7.5 cm. In this connection Johansen notes the interesting fact that in 1903, when the growth was abnormally low; there was an unusually rich stock of under-sized fish on the Horn Reef grounds; which suggests that the rate of growth may depend, amongst other things, upon the density of the Plaice population (Johansen, 14, III, p. 37).
It,is possible, therefor.e, that a certain .amount of fishing <;m,grounds overcrowded with young fish may tend to-inc.rease .the rate of growth of the fish that'remain..
That the rate of growth of Plaice differs w'idely in different localities may be inferred from the fact that the average length of the different age-groups is different in'different areas, provided always that the samples on which.the figures are based arc adiJquatcly distributed Of at least properly comparable. Thus Wallace's samples show that Plaice of the IT Group in August, that is fish two and a half years old, average 6 em. longer in Tor Bay on the South Devon Coast than those in deeper water on the Leman Banks in the North Sea, and 11 em. longer than those from the shallow water off the coast of Lincolnshire, the Devon fish being thus from one to two full years ahead of those from the North Sea.
This rapid growth of the Devon fish is clearly reflected in the structure of the otolith, as will be seen from Fig. 4 . The broad white rings are in marked contrast to the narrow rings of the North Sea fish (Wallace, 23, Rep. ITI, p. I42A, Figs. 6 and 7) .
The following table (p. 4~5) summarizes Wallace's results as to the average size of Plaice of the different age-groups in different localities.
From this table it is possible also to compare the difference in rate of growth of males and females. It win be seen that on the whole females grow more rapidly than males, and that this difference tends to increase as the fish grow older.
The great differences which may occur in the rate of growth of Plaice on different grounds are strikingly shown by the results of the transplantation experiments carried out by Garstang and Borley in the North Sea (Garstang (7) 
..-.---numbered labels and liberated. The transplantation was carried out in May, 'and during the following year large numbers of the marked fishes were returned by the fishermen. The amount of growth shown by the following autumn and winter was very remarkable. Small, under-sized fish of little or no market value had become fine Plaice, of good size and in excellent condition. The preceding diagram (Fig. 6) shows the growth of these transplanted fish, compared with the growth of fish of the same size which had remained on the inshore grounds. Taking the figures for, say, the following January, whereas the average length of the tmnsplanted fish was 11 cm. the size of those left on the Horn Reef ground was about 5.5 cm. .
If instead of considering the length of the fish we take the percentage increase of weight the result is even more striking. Whereas by the following spring the fish that remained on the Danish Horn Reef ground had increased in weight by 100 per cent., that is to say, had doubled their weight, those put out on the Dogger had increased their weight by 400 per cent., that is to say, they were five times as heavy as they were originally.
Since well-grown Plaice command a much higher price per lb. than small, ones this increase of weight means tha~the value has increased to p~rhaps seven times the original value.
:
These results of investigations on the age of Plaice arid their rate of growth have several important practical aspects, apart from the suggestion of a direct improvement of the fishery by the transplantation of young fish from crowded nursery grounds to rich feeding grounds~such as the Dogger Bank, where the rate of growth is much more r\i.pid. It wOuld seem, that the most profitable fishery would result fraIl)-c~I.lcentrating the fishing as much as possible on Plaice of the Age Groups I~, V and VI, that is to say, on fish in the fifth, sixth and s~venth years of thei]! life. Before this they are small, but capable of rapid growth and ra.pid increase in valne. After the seventh _yearthe growth gets slower; and as long as a sufficient supply of mature fish is allowed to remain to: ensure an' adequate amount ofspawnfor the perpetuation 6f the race, it would appear that' from a commercial point of view it is of greater advantage to put the seven year aIds on the market rather than to allow them to remain in the sea. They would increase in value very little compared with the amoun~of ,nourishment they would consume, whilst when they are removed the food they would have eaten becomes available for the younger fishes, which grow in size and value at a much more rapid rate.
In this connection the age at which the majority of Plaice mature for the first time is important. According to Wallace (24, p~40) for female Plaice this" age of first maturity" in the Southern North Sea is five years, in the middle North Sea six years, and further north seven years. In the English Channel, on the other hand, the bulk of the females reach maturity at four years of age. The average age for the males may be a year earlier than for the females.
We have now perhaps devoted sufficient attention to the Plaice, and will pass on to consider certain investigations into the age of the Herring, which bring out very clearly another application of a knowledge of the age of fishes, which may have an important practical bearing. These investigations we owe especially to the energy and enterprise of Norwegian naturalists under the leadership of Dr. Johan Hjort. As with most marine fishes, the growth of the Herring comes practically to a standstill during the winter. ['his winter rest is clearly indicated by a ring-like mark on the surface of the scale, these rings being often very definite and precise.
That each ring really does represent the cessation of growth during the winter has been proved by Lea, by examining samples of Herrings month by month during the year (12) , in the same way as was done by Wallace with the otoliths of the Plaice. It was possible to follow the band of summer growth becoming wider and wider, until as winter came on it ceased, and the darker ring was found at the margin of the scales. This being so it is obvious that an examination of the scale can tell us a good deal more about a fish's history than merely its age. We can indeed infer the length of the fish at the end of any particular .year of its life, for it has been possible to show that the length of the fish is always proportional to the length of a particular scale. If, therefore, we magnify the scale until its total length from the median transverse line to the edge,is equal to the length of the fish, the distance from this line to each 'of the winter XEW SERIES.-YOL. XI. NO.3.
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2 E rings will be the length which the fish had at the time the ring was formed. This will be tlear from the diagram Fig. 7 . Fig. 8 illustrates the composition of three samples of Norwegian Spring Herring taken in March, 1907, and analysed by Dahl (3) , by an examination of the scales, into age groups. It will be seen that the majority of .. Table I ).
An examination of the figures in this table reveals a very remarkable fact. If we commence with the year 1908, we see that 34.8 per cent. of the fish belong to the year-class IV, that is to say, they are fish which were born in the year 1904. We see further that no other year-class is nearly as well represented, the next in order being the IX year-class, of which the sample contains 14.4 per cent. Now look at the percentages for the year 1909; the best represented class is the V year-class, with 43. 7 -series. After a number of poor or average years the fishing begins to improve and remains successful for three or four years in succession. In the case of the Norwegian Spring Herring fishery the years from 1909 to 1913, when the fish of the 1904 class predominated, were exceptionally good years, with a very high yield, the year 1913 especially being the best fishery during the whole period from 1896 to 1913 (Fig. 9) . We are furnished, therefore, with what appears to be a distinct step in advance in our attempts to find a rational explanation of the fluctuations ill the fisheries. A season occurs in which the conditions are exceptionally favourable for the production of young fish, either owing to an exceptional supply of nourishment upon which the larvffi and fry can feed, or to the absence of enemies, or to some other cause which at present has not been traced. As these fish grow up they year by year come to form a more important factor in the yield of the fishery and the abundance of fish caught increases. In the case we have considered the Herrings born in 1904 dominated and rendered fruitful the fishing of the six years from 1909 to 1914. How much longer their influence will be felt remains to be seen.
What appears to be an exactly parallel case occurred in the North Sea Haddock fishery, and curiously enough it was again fish of the year 1904 that were exceptionally abundant. The young fish of 1904 began to show in the catches in 1905, and in 1906 they were present in extraordinary numbers (Helland-Hansen, 10, p. 33). Although the case has not been worked out in the same detail as for the Herring, the statistics show an exceptional quantity of medium-sized Haddock in 1907, and of large Haddock from 1907 to 1910. This is just what we should expect from the gradual growth of the fish born in 1904, which were so exceptionally abundant in 1906.
For the Plaice also it has been shown that the abundance of the young brood on the nursery grounds varies greatly from year to year (Johansen,' 14, Pts. III and VI), and there is little doubt that the same sequence of events occurs in the case of this fish, though it has not up to the present been followed in detail.
These investigations, then, seem to give us one of the keys necessary for a proper understanding of much in relation to the fluctuations of the fisheries which was previously difficult to understand. Moreover, they offer a prospect of enabling us to predict the probable course of the fishery some years ahead, for when the exceptional abundance of the young fish of any year has been discovered, we shall be able to say, from a knowledge of the growth-rate of the fish, in how many years these fish will reach marketable size and if all goes well with them give rise to an abundant fishery. Information of this kind, intelligently applied, ought to be of some use to the practical fisherman. To those whose duty it is to study the fisheries from the point of view of legislative or administrative control, it is of course of the very greatest importance.
As was eXplained at the beginning of this address, I have attempted to lay before you some account of one single branch of fishery research, and as I have proceeded you will no doubt have felt that a subject which at first sight seemed fairly straightforward and simple developed quite unexpected complexity, and yielded in the end quite unexpected results. This is indeed only the common experience of those who break new ground or explore new territories in any branch of knowledge whatever, but in the case of marine research the difficulties are perhaps exceptionally great and the calls on the patience and perseverance of the investigator are almost uniimited. But those who have been most intimately associated with this research and have followed it in greatest detail are the. most convinced of its promise of fruitful result. We must look to the growing intelligence of the larger public, grown wiser, may we hope, in the stern school of war, for that appreciation which will enable it to be continued with the means and resources which its difficulties demand.
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To convert millimetres to inches multiply by ,039.
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